followed by co-sedimentation using high speed centrifugation at 310X100 g for 45 minutes. The 108 supernatant and pellet fraction were separated out in SDS PAGE. We observed that VgrG-1-
109
ACD had cross-linked with actin in the supernatant fractions forming higher molecular weight 110 oligomers. The pellet fractions in the SDS PAGE illustrated that it was bound to the filamentous 111 actin in a concentration dependent manner (Fig 2) . In case of VgrG-1-ACD control, in which 112 there was no actin, the protein was only in the supernatant fraction. This indicated that to 113 perform the cross-linking reaction, VgrG-1-ACD should bind to actin. The same reaction 114 conditions were followed except VgrG-1-ACD was added after 45 minutes of formation of F-115 actin, surprisingly we can see that VgrG-1-ACD bound to F-actin in the pellet fraction but no 116 cross-linking activity in the supernatant fraction was observed even in higher concentration of 117 VgrG-1-ACD (Fig S1A) . Remarkably these results confirmed that VgrG-1-ACD has actin 118 binding ability.
119
Presence of putative WH2 domain in VgrG-1-ACD: 120 To quest the actin binding region in VgrG-1-ACD, we performed profile based search using the 121 protein sequence of VgrG-1-ACD. The crystal structure of VgrG-1-ACD of V. cholerae which 122 was already reported [9] appropriately with other known WH2 sequences (Fig 3A) . The (Fig 3C) M1014A, I1017A and K1018A was purified as N-terminal 6X-His tagged, using Ni-NTA beads.
170
Different concentration of ACD-mWH2 was mixed with actin and F-Buffer and co-sedimented 171 using high speed similarly as mentioned above. The SDS PAGE data showed that ACD-mWH2 172 co-sedimented to lesser extent in comparison to the wild type (Fig 4E) . The fluorometric 4 µM 173 nucleation assay showed that the ACD-mWH2 was unable to sequester actin monomers as 174 efficiently as the wild type (Fig 4F) . Therefore this indicated that ACD-mWH2 was inefficient to 175 interact with actin. Our co-sedimentation assay data exhibited the binding affinity of ACD-WH2
176
to actin was more than that of the ACD-mWH2 (Fig 4G) .
177
The VgrG-1-ACD containing mutated WH2 domain cannot cross-link actin:
178
We found that ACD-WH2 was able to interact with actin efficiently than ACD-mWH2 construct.
179
These results suggested that the WH2 domain present within the ACD region facilitated efficient ACD.
197
The VgrG-1-ACD destroys the actin cytoskeleton but mutation leads to loss of crosslinking showed that it was able to bind between subdomains 1 and 3 (Fig 7A) . The protein-protein blind 223 docking simulations were successfully carried out using three adjacent actin monomers taken 224 from the filamentous actin structure. In blind docking simulations the active site was not defined 225 for any of the proteins, hence the VgrG-1-ACD was allowed to bind in all possible actin cavities,
226
after docking the top docking poses from a cluster of 37 structures were used for the surface 227 representation in (Fig 7B) . The docking results manifested that the C-terminal of the VgrG-1 228 alpha helix containing the WH2 domain was bound in a head on manner with the filamentous 229 actin. The ACD-WH2 domain was binding between the subdomain 1 and subdomain 3 (Fig 7C) 230 of actin-2 and the N-terminal part of the ACD domain interacts with actin-1. The K-50 residue 231
proposed to be involved in the cross-linking was present at the binding interface of subdomain1
232
and subdomain 2 where the WH2 domain was bound to actin, whereas the E-270 was present at 233 the binding interface of the actin filaments (Fig 7D) . The docking studies and the superimpose 234 model clearly suggested that the WH2 domain was capable of binding both G-actin and F-actin.
235
The docked domain (three actin molecule andVgrG-1-ACD) was then energy minimized and 236 used to build a full length model of filamentous actin using structural superimposition. VgrG-1-ACD had been discovered as actin cross-linking protein which forms non polymerizable 240 actin oligomers. We found that the VgrG-1-ACD from O139 strain ( Fig 1C) was able to cross 241 link actin very efficiently similar to VgrG-1 of other serogroups of Vibrio cholerae [20] . We had 242 seen that VgrG-1-ACD and RMA incubated simultaneously in F-buffer resulted in efficient actin 243 cross-linking activity of VgrG-1-ACD (Fig 1C) . When VgrG-1-ACD was added to the pre 244 formed F-actin, the capability to cross link actin was completely diminished. This indicated that 245 F-actin was not a good substrate for the VgrG-1-ACD (Fig 1D) . On the other hand, VgrG-1-
246
ACD incubated with G-actin in G-buffer resulted in no actin cross-linking (Fig 1E) 18]. For this activity, VgrG-1-ACD must first bind to actin. Our results revealed that VgrG-1-
251
ACD was able to co-sediment with actin in a concentration dependent manner; when actin,
252
VgrG-1-ACD and F-buffer was added simultaneously (Fig 2) or VgrG-1-ACD was added 45 253 minutes after the formation of F-actin (Fig S1A) . In the latter case VgrG- Ile-1017 and Lys-1018 as the crucial amino acids of the binding hotspots.
267
For further confirmation of actin binding ability of ACD-WH2, we had co-sedimented the 268 purified predicted ACD-WH2 with actin using high speed centrifugation. The assay revealed that
269
ACD-WH2 co-sedimented with actin in a concentration dependent manner (Fig 4C) G-actin was purified from rabbit skeletal muscle acetone powder [38] . Actin was labelled with 
411
The fixed cells were observed under IX 81 microscope (Olympus).
412

Modeling of F-actin ACD domain:
413
The modelling of ACD domain containing WH2 motif with F-actin was carried out using the Kolkata.
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